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House of Representatives 

Dear Mr Chairman 

In your February 25, 1986, letter, you asked that we synthesize mforma- 
tlon that would answer questlons you have concermng hazardous waste 
management and disposal The focus of these questions is on whether 
the nation has sufficient capacity to manage the volume of hazardous 
wa+st,e being produced now and proJected for the future. In responding to 
your request, we have found that we cannot answer these extremely 
important questlons because of inadequacies in the national data base 
(see, for example, tables 2 and 3 in the accompanying briefing report). 
Further, we have concluded that these madequacles severely constrain 
the plannmg and management of future hazardous waste production. 

To address your request, we first systematically collected published 
studies relevant to the topic. We searched the literature to identify pub- 
hshed studies that are relevant to the study questions and sought mfor- 
matlon from hazardous-waste experts m the private and public sectors. 
We also examined records of congressional hearings on hazardous waste 
to determine what, If any, volume or capacity estimates were cited when 
key leglslatlve and regulatory actions were taken Next, we analyzed 
and compared data across the studies. Consistent with your request, our 
analysis focused on studies that contam estimates of the volume and 
treatment, storage, and disposal capacities of hazardous waste at the 
natlonal level 

After reviewing approximately 90 studies and documents, we found slg- 
mflcant data gaps, methodological problems, and other issues that pro- 
hlblt us from (1) relying upon available mformatlon to provide estimates 
of the total volume of hazardous waste and (2) determining whether 
future treatment, storage, and disposal capacity will be quantitatively 
adequate to meet the volume of hazardous waste generated. We con- 
clude that a variety of uncertamtles comphcate answering the questions 
you posed. The amount of hazardous waste that will be produced from 
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Superfund sites and the effects of the various requirements of the Haz- 
ardous and Solid Waste Amendments of 1984 are only two of these 
uncertainties 

As we agreed with your office, unless you publicly announce the con- 
tents of this report earher, we plan no further distribution of it until 30 
days from the date of the report At that time, we will send copies to 
those who are interested and will make copies available to others upon 
request. In addition, m accordance with the wishes of the subcommittee, 
we did not ask EPA to comment on a draft of this report. Copies will be 
available to those who request them. For further mformation, please 
contact Carl Wisler on (202) 275-3092 

Sincerely yours, 

Eleanor Chehmsky 
Director 
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Section 1 

Introduction 

Over the last decade, there has been growmg concern about the volume 
of hazardous waste being generated and its adverse effects on publrc 
health and the envu-onment This concern has resulted m the passage of 
legislation directed at ensurmg the management of hazardous waste 
The Environmental Protection Agency (EPA) has primary responsibility 
for Implementing programs authorrzed by this legislation. As an integral 
part of the national program to manage hazardous waste, many studies 
have been conducted to develop important relevant information, It is 
important that such basic information as the amount and type of haz- 
ardous waste generated, where It is generated, and how it is treated, 
stored, or disposed of be adequate and available to the Congress m order 
that meanmgful national pohcy can be formulated on a maJor national 
issue. 

Background Hazardous waste, if not properly managed, may lead to insults to the 
public health and the environment and, eventually, the need for costly 
cleanup measures To ensure appropriate hazardous waste management, 
the Congress mandated a hazardous waste regulatory program under 
the Resource Conservation and Recovery Act of 1976 (commonly called 
“KRA”) The act established guldelmes for the management of haz- 
ardous waste from its Initial generation to final drsposal In imple- 
menting this and subsequent legislation, EPA developed a general 
defmrtion of hazardous waste that mcludes substances that are igmt- 
able, corrosive, reactive, or toxic EPA presently lists over 400 specific 
substances as hazardous 

The Congress also enacted the Comprehensive Environmental Response, 
Compensatron, and Liability Act of 1980 (widely known as 
“Superfund”) to address the problem of abandoned hazardous waste 
sites This act specificaIly requnes the cleanup of hazardous waste that 
was generated m the past and has been abandoned or left uncontrolled 
Over the last few years, the number of sites rdentlfied as requumg 
cleanup has increased, although the total that will eventually have to be 
cleaned up and the amount of hazardous waste requirmg disposal from 
them are uncertain 

The 1976 and 1980 acts in themselves did not stimulate efforts by gen- 
erators of waste to engage in waste-reduction actrvrtres or to reduce 
then dependence on potentially ineffective land-disposal practices Simi- 
larly, EPA regulations promulgated m 1980 did not discourage meffective 
land-disposal practices In response to this concern, the Congress passed 
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maJor revisions to the 1980 act m 1984, calling the revmons the Haz- 
ardous and Solid Waste Amendments Act. The amendments were 
designed to modify previous exemptions for firms that produce small 
quantities of hazardous waste, to promote more widespread recycling of 
hazardous waste, and to reduce unsound land-disposal practices 

EPA IS responsible for implementing all three acts Under the I976 act 
and the 1986 amendments, EPA is responsible for (1) estabhshmg haz- 
ardous waste programs m each state; (2) developing regulations for the 
management of hazardous waste, mcludmg Its generation and disposal; 
and (3) reporting blenrually to the Congress on the status of the nation’s 
hazardous waste program, mcluding the number of generators of haz- 
ardous waste. Under the 1980 act, EPA’S efforts are directed toward 
identifying and cleaning up abandoned hazardous waste sites 

Current Concerns Increased national concerns about health and safety have resulted m the 
need for comprehensive mformatron describing the nature and extent of 
the problem of hazardous waste The concerns bemg raised include 
those relating to the amount of hazardous waste being generated, the 
present and future quantitative adequacy of treatment, storage, and dis- 
posal capacities; the effect that increasing amounts of Superfund wastes 
will have on available treatment, storage, and disposal capacities, and 
the effect of recent legrslation on future generation and capacity. Some 
of these rssues have already been studled but questions remain. Prior to 
I980, only a few, limited studies developed estimates of the amount of 
hazardous waste generated nationally More recently, the number of 
studies has increased, but most of them provrded estimates for only a 
sector, such as a limited geographic area or a particular waste type. A 
few studies have provided estimates for the total amount of hazardous 
waste produced nationally since the passage of the Resource Conserva- 
tion and Recovery Act 

In response to the growing concerns about the hazardous waste issue, 
the Honorable Mike Synar, Chairman of the Subcommrttee on Environ- 
ment, Energy, and Natural Resources of the Committee on Government 
Operations, asked us to address the issue of whether future treatment, 
storage, and disposal capacities will be quantitatively adequate to 
manage the volume of wastes being generated To address this question, 
more detailed questions had to be answered. We present these questions 
and our evaluation approach m the section below 
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Section 2 

Objectives, Scope, and Methodology 

In his February 25, 1986, letter (reprinted here m appendix I), Chairman 
Synar expressed concern about whether the nation has adequate treat- 
ment, storage, and disposal capacltles to deal with the mcreasmg volume 
of hazardous waste being produced. He asked us to synthesize existing 
mformation concernmg the volume of hazardous waste being generated 
and treated, stored, and disposed of The synthesis was also to Identify 
maJor methodological problems that may lead to mlsestrmates of either 
volume or capacity. Speclflcally, the chau-man asked us to answer the 
following four evaluation questions l 

1 What are the amount, location, and source of known and expected 
hazardous waste? 

2 What are current treatment, storage, and drsposal capacttres and 
what 1s projected for the future to manage and drspose of hazardous 
waste‘? 

3 How have estimates of volume and capacity changed since the enact- 
ment of the Resource Conservation and Recovery Act m October 1976? 

4 What uncertamtles and data gaps obscure the answers to the fore- 
gomg questions and what methodological problems should be addressed 
m order to provide better mformation? 

The objectives of our study were to identify and analyze existing mfor- 
matlon from studres and other documents and, if posstble, to synthesize 
thus mformatlon mto meanmgful answers to the evaluation questrons 

We established the scope of our study to reflect both the type of infor- 
mation requested and the time in whrch the informatron had to be 
obtamed. Recogmzmg that hazardous waste is controlled under various 
federal and state programs, we did not attempt to limit our umverse of 
studies and documents to only one specific definition of hazardous 
waste Rather, we considered studies on all types of hazardous waste, 
mcludmg waste from Superfund sites. 

We focused on reports and documents that contained mformatron on 
national estrmates of the volume and capacity of hazardous waste We 
ldentrfled two groups. national and national-sectoral studies. The first 
provided estimates on total hazardous waste generated or processed 

‘These question? have bren revised slightly from those of the ungmal congressional request The 
rev1slons werr made for clanty 
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nationally The second furnished national q&mates for a specific source 
or type of hazardous waste or pravrded mformatron for a specific geo- 
graphic area 

As mentroned earlier, the methodology fop the evaluation was the infor- 
mation synthesis. An mformation synthesis includes two mqor activi- 
ties: rdentifymg the maJor mformation references that provide the base 
for the synthesis and reviewing the references 111 order to acquire mfor- 
m&ion that will answer the study questiow and identify methodological 
problems withm the lnformatlon base 

Our first step was to rdentlfy and collect, all pertrnent studies and docu- 
ments within the scope of our study We identified references on esti- 
mates of volume and management cap;lcity front literature searches of 
standard computerized blbhographic f lies and speclahzed technical hter- 
ature files. We revlewed the leglslatlv~: histories and searched special- 
ized files ta identify references to cor\gresslonal llearmgs, records, and 
testimony We identified additIona ref’erences by reviewing bibliogra- 
phies of our prevrous reports on hazardous waste and a Congressional 
Researc*h Service mformatlon package1 on the topic. Once we identified 
an mitl:%l list of references, we obtained the sty&es and doclrxpnents and 
review6:d then- bibliographres for adirtronal refermences, which we also 
obtained. 

To ensure that we had identified the nlaJor studies ano’ documents, we 
contacted program offlclals at the Env Ironmental Pro&$on Agency, 
the Congressional Research Service, th e Office of Teohnolo,b,Y Assess- 
ment (O~TA), the Congressional Budget Oace (cao), and the N;ltlOnal 
Academy of Sciences (NAS) as well w c jther experts, hazardous;-waste 
consultants, and a representative of a hazardous waste treatmt?dt trade 
assoclsltlon. We asked them to verify cbur list We also contacted and 
obtaine$d addltronal mformatlon from ‘warious state ofaclals In all, we 
obtame d and reviewed approximately7 90 studies and documents, listed 
in the b tbliography 

As we I evlewed these studies and docuIments, we were impressed with 
the vastly different defimtlons of hazar dous’ waste being used and the 
overall lack of preclslon of data suppo~ %rrl$ the estimates. A number of 
the authors had cautioned that because’ of various hmitations, then- estl- 
mates cmould not be directly compared vv1t.h estimates from other studies. 
They h,ad also noted data gaps, problems in measurement, and other 
sources of error Dlscusslons with exPt:rts reinforced our conclusion that 
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the information could not be synthesized mto meanmgful national 
estimates. 

Recogmzing the inadequacy of the mformatlon base for an information 
synthesis, we documented its condition as we reviewed the studies and 
documents. We did, however, conduct two principal parts of an mforma- 
tlon synthesis, identifying the universe of relevant studies and con- 
ducting a methodologrcal evaluation To ensure consxstent 
documentation, we developed and used a standardized format to extract 
information from the references Data elements mchrded the scope of a 
study; its defmitlon of waste and estimates, methodology, and data 
gaps; and uncertamties noted by the authors 

Our analysis, as documented within this briefing report, is a comparison 
and contrast of the maJor national studies The sequence of the 
~remaming sections m thts report follows the order of the evaluation 
questions and provides mformation on our findings on each one The 
final section contains our conclusions. 

In accordance with the wisheis of the chairman’s office, we did not ask 
EPA to comment on a draft of this report 
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A number of studies have developed estimates of the amount of haz- 
ardous waste produced nationally since the enactment of the Resource 
Conservation and Recovery Act m 1976 However, the published estl- 
mates vary slgniflcantly (from 9 to 266 mllhon metric tons), and the 
most current data are Inconsistent from one study to the next for spe- 
cific time penods To illustrate this, we have provided the natlonal estl- 
mates from four studies for 1981 through 1984 m table 1 

Table 1: NatIonal Hazardous Waste 
Studies With Similar Estimates 1981-84 Year of Point Interval 

Source measurement estimate’ estImatea Approach ~- ~- -- -- -~-_ -- ~- 
Chemical 1984 247 Not Survey of assoclatton 
Manufacturers estimated members 
Assoclatlonb 

CBO” 
~~ - ~_____~ __~ __ -- - 

1983 266 223-30gd Modeling estimate 

EPA-Westat” 1981 

developed from 
dlsaggregated 
Industry data 

264 -- ~__ 1351-402~ StatIstIcal sample of 
generators and 
treatment, storage 

OTA’ 
-_- 
1981 Not avatlable 

and disposal fackies 

255-75s Comtxlation of data 
repokted from states 

aMtlllon metric tons 

bChemlcal Manufacturers Assoclaflon and Englneenng Science, Inc Results of the 1984 CMA Haz- 
ardous Waste Survey (Austin Texas January 1986) 

CCangresslonal Budget Office Hazardous Waste Manaaement Recent Chanaes and POIICV Alternatives 
(WashIngton, DC May 1985) 

dConfldence Interval 

eU S EnvIronmental Protection Agency, Natlonal Survey of Hazardous Waste Generators and Treatment 
Storage and Disposal Facllltles Regulated Under RCRA In 1981 (Washlngton. D C April 1984) --- 

‘OffIce of Technology Assessment, Technologies and Management Strategies for Hazardous Waste 
Control (WashIngton D C March 1983) 

gAn upper and lower range 

The pomt estimates m three of these studies are quite close together, 
and the mean of the three estimates is about 260 mllllon metric tons But 
the comcldence of the point estimates may be mlsleadmg Indeed, we 
noted a number of dlsparlties and limitations associated with the meth- 
odologies that belle the similarity of these estimates 

The pomt estimate prepared by the Chemical Manufacturers Assocla- 
tlon, 247 mllhon metric tons for 1984,~ seemingly close to the other 
point estimates, but it represents only a portion of the total chemical 
Industry Further, the chemical mdustry is only a subsector of the total 
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hazardous waste generation sector (estimates we reviewed of the chem- 
ical industry’s contribution to total waste volume ranged from 48 per- 
cent to 68 percent) Consequently, we conclude that the estimate from 
the Chemical Manufacturers Association accounts for only part of the 
hazardous waste generated each year and that an extrapolated estimate 
for the remainder of the chemical industry and for the nation could be 
significantly greater 

The second point estimate, prepared for EPA by Westat in 1981, is 264 
milhon metric tons The range provided in the study, 135 to 402 m&on 
metric tons, 1s a statistical confidence interval, and the authors stated 
that they are 95-percent confident that the true 1981 hazardous waste 
productron level falls within this interval 

IIowever, this confidence interval is so very wide (267 mllhon metlrc 
tons, which 1s equal to a range of about plus or mmus 50 percent), that 
the credlbillty of the estimate is limited In searching for an explanation 
of this considerable imprecision, we found that the study focused on 
waste generators and treatment, storage, and disposal facilities regu- 
lated under RCFU, the 1976 act The sampling scheme was designed to 
provide accurate data on the characteristics of the technology of the 
faclhties rather than to measure the amount of hazardous waste gener- 
ated The populations of generators and faclhties regulated under the 
act were found to be highly skewed in terms of size-so skewed, in fact, 
that nearly all the totals of the hazardous waste generated and managed 
were accounted for by very small proportions of their respective popu- 
lations Inadvertently. the sample was not designed for a skewed popu- 
lation, and this resulted m estimates contammg the high degree of 
sampling error that we have noted 

The third point estimate, prepared by the Congressional Budget Office, 
is slmrlar to that prepared by Westat for EPA (a point estimate of 266 
million metric tons, for 1983) The confidence Interval around the CBO 
point estimate is from 223 to 308 million metric tons, with a stat&real 
confidence level of 95 percent. In this case, the confidence interval 1s 
plus or mums 16 percent. much smaller than that of the Westat study 
This estimate is the product of a national hazardous-waste generation 
model developed by rno under two theoretical assumptions (1) specific 
mdustries generate characteristic wastes at measurable rates and (2) the 
overall quantity of waste produced IS a function of industrial output (as 
measured by production employment), process technology, and produc- 
tlon efficiency 
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The CBO model used employment data as a key variable to produce the 
hazardous waste estimates But other studies have suggested that using 
employment data produces estimates that substantially disagree with 
actual waste generation data obtained from surveys of generators 
Therefore, using employment data as an independent variable in 
deriving estimates of hazardous waste IS questlonable 

The Office of Technology Assessment study took a different approach 
for developing its range estimate, in that it did not generate a point estl- 
mate but asked the Assoclatlon of State and Territorial Solid Waste 
Management Officials to collect data from a survey. The results indicated 
that approximately 250 mllllon metric tons of hazardous waste were 
being produced annually by 40 states, Guam, and Puerto RICO, with an 
estimated additional 5 to 25 milhon metric tons of waste being produced 
annually by the nonresponding states and terntones. This worked out to 
a volume estimate of between 255 million and 275 million metric tons 
The states’ waste generation data were derived from a number of dlf- 
ferent approaches, 19 states appear to have used state inventories, 5 
states appear to have used data on manifested hazardous waste, thus 
underestimating waste generation, unless the analysis included extrapo- 
lation to account for waste managed on-site, and data from the 
remaining responses were derived through the use of EPA notifications 
and estimates of waste generated by industrial sectors receiving the 
notifications Only 9 states, plus Guam, Puerto Rico, and Washington, 
D.C., used a definition of hazardous waste consistent with that used by 
EPA at the time Because of these within-study differences m definition 
and measurement, the accuracy of OTA'S estimate, like that of the other 
studies, gives reason for some concern. 

Comparing the defimtlons of hazardous waste used by the Westat, CBO, 
and OTA studies, we found them dissimilar The Westat study estimated 
the quantities of hazardous waste that were generated in 1981 and sub- 
Ject to control under the regulations for the 1976 act. However, two cat- 
egories of waste were not included in the study’s definition of hazardous 
waste 

1 wastes that had been exempted or excluded from regulation as haz- 
ardous waste (such as those generated m conJunction with ore and mm- 
erals extraction and smelting preparation) and 

2 hazardous wastes that were regulated under the 1976 act and gener- 
ated m 1981 but that were not, at any point in the management process, 
treated, stored, or disposed of m processes SubJect to regulation under 
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- 
the act (such as hazardous wastes treated exclusively in wastewater- 
treatment tanks covered under the National Pollutant Discharge Eliml- 
nation System) 

The C’BO study used a broader defirutlon of hazardous waste than that 
established by EPA under the Resource Conservatron and Recovery Act 
of 1976 It included wastes not regulated under this act, such as waste 
orls, mdustrlal chemicals such as polychlormated blphenyls (PCBs), 
mdustrlal-scrubber sludges, an-pollution-control dusts, and certain 
llquld hazardous-waste streams 

Since the WA study was a survey of states, Its estimate is based not only 
upon the federal regulatory definition but also upon the state defimtlons. 
The states sometimes defined hazardous waste differently and more 
broadly than the federal government, mcludmg many different types of 
unregulated waste such as additional chemical compounds, wastes from 
small-quantity generators, exempted wastes, and various solid wastes 
The states’ defimtrons varied from one state to another, Consequently, 
the basis for the OTA estimate is quite different from that m each of the 
two other studies 

,411 these differences signify that the estimates m the four studies must 
be considered separately Although the four current, national estimates 
drd reach slmllar numerical estimates of hazardous waste, it should not 
be assumed that they reinforce one another, given then differing quah- 
tatlve bases, statlstrcal preclsron, and approaches to defimtlon and mea- 
sllrcment These factors indicate that a broad methodological evaluation 
ot how best to estimate national hazardous waste volume 1s necessary 
We dre currently planning such an evaluation 

In addition to the four maJor studies we have Just drscussed, national- 
scctoral studies provide data and mformatlon about hazardous waste 
that 1s more narrowly scoped We reviewed these studies to determine 
whether then mformatron can be synthestzed to provide national estl- 
mates Given various technical, methodological, and other factors (to be 
discussed later), we believe it 1s not possible to synthesize national- 
sectoral studies m a way that can provide accurate and reliable national 
estimates 

Very little mformatlon 1s available that can be used to make accurate 
estimates of the volume of hazardous waste generated by location. A 
state-by-state comparison of the data given in the CBO and OTA studies 1s 
provided m table 2, and it 1s important to note that the state estimates 
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Table 2: Two Studies’ Estimates of 
Hazardous Waste Volume by State in 
Metric Tons 

State 1981 OTA” 1983 CBOb 

Alabama 265,680 6,547,OOO 
Alaska 360 52,000 
Anzona 4.280,OOO 642,000 

Arkansas No data 3,729,ooo 
Callfornla 15,000,000 17.284,OOO 

Colorado 
~~-I 

775,490 1,902,ooo __ 
Connecticut 102,000 4,238,OOO _--- ---- 
Delaware 272,000 894,000 
FlorIda No data 2,981,OOO - _--_~-~.~~~ 
Georgia 38,500,800 3,338,OOO 

Hawall No data 202,000 

Idaho No data 1,160,OOO 
Illinois 1.810,000 14,810,OOO 
lndlana 94,900,000 10,189,000 

iOWF4 

-“_- -- --- _-- 
No data 1,774,ooo - 

Kansas 45,300 2,564,OOO 

&-hcky 
_ 

415,000 4,647,OOO ---- 
LouIslana 38,800,OOO 13,801,000 .- 
Maine 5,290 337,000 
Maryland 272,100 2,989,OOO 
Massachusetts 172,000 4,536,OOO 

f&hlgan 
--“_ _ ____ -.--_-.-_. .._. -- - ---- 

408,000 12.399,ooo 
Minnesota 181,000 2,212,ooo ~“-” --.-- -.” _ 
MLSSW~~I 1 ,a1 0,000 1,816,OOO - ___~ 
Missouri 658,930 6,046,OOO 
Montana 91,200 662,000 
Nebraska 1,250,OOO 739,000 
Nevada No data 379,000 
New Hampshire 9,980 43 1,000 

are very disparate This IS not surprising, given the basic differences 
already explained, but we have not yet had the opportunity to detcr- 
mine precisely how much of the dlsparlty 1s attributable to definl- 
tlons, methodology, or other features of the studies It 1s clear that 
the disparities in the estimates preclude any conclusive statements 

about how much waste 1s being generated within each state 
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State 
New Jersey 
New Mexico 

New York 
North Carolina 

North Dakota 

Ohlo 
Oklahoma 

Oregon 

PennsylvanIa 
Rhode Island 

South Carolma 

South Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Vlrgrnla 

WashIngton 

West Virgwa 

Wisconsin 

Wyoming 

Other 
Total 

1981 OTA= 1983 CBOb 

855,000 12,948,OOO 

No data 619,000 

1,270 000 9,876,OOO 

No data 3,954,ooo 

125,000 269,000 

-3,260 000 19 692,000 - - 
3,570,ooo 2,673.OOO 

19,100 969,000 

w28.000 18,260,000 
1,600 1,745,ooo 

1,587,ooo 3,669,OOO 
1 590 159,000 

4,300 000 12.159,ooo 
29,146,960 34 866 000 

558,000 1 139000 

9 070 226 000 

181,000 4,038 000 

616 000 :,,523,000 
No data 5,642,OOO 

81,600 3,297 000 
No data 572,000 

5-25 milllonC . 

255-75 mullion 265q595.000 

“OffIce of Technology Assessment Technologies and Management Strategm for Hazardous Waste 
Control (Washmgton, D C March 1983) -- 

“Congressionai Budget Offlce Hazardous Waste Management Recent Changes and POIIC> AlternatIves 
(WashIngton DC May 1985) 

~___ 

‘The actual national esttmate was 250 mrlllon metric tons but this did not Include 10 states OTA esti 
mated that mcludlng them would result In an estimate of 255-75 mlll~on metric tons 

Other studies have attempted to provide estimates at various geo- 
graphic levels For example, studies were prepared for New England by 
Arthur D Little and the New England Congressional Institute. and other 
data exist at the state level as well Information for selected states 1s 
presented m table 3 to Illustrate this The variance between the studies’ 
estlmatcs for the states IS considerable We conclude that the studies 
that wo revlewed do not provide consistent mformatlon concernmg the 
volume of hazardous waste generated by location The wide dlsparlty in 
estimates mdlcates the need for a methodological evaluation of why the 
estimates are so different and how to correct the problem We are cur- 
rently planning to conduct such an evaluation 
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Table 3: Five Studies’ Estimates of Hazardous Waste Volume in Selected States for 1980-83 In Metric Tons 

State Arthur D. LIttlea CBOb --~ 
California l 17,284,OOO 

Connectbcut 127,207 4,238,OOO 

lllrnols . 14,810,000 

Maine 8,118 337,000 

Massachusetts 158,816 4,563.OOO 
New Hampshire 15,646 431,000 -_ll-_ _- - --_l l-._-" 
Oklahoma . 2,673.OOO 

Gould” New Englandd OTA’ Other 

4,501,642 . 15,000,000 1,179,100 
11808,437 193,725 102,000 . 

5,149,737 l 1,810.OOO 2,50X320 
180,463 10,211 5,290 . 

1,851,208 111,017 172,000 . 
~~-~~ ~~ ~~~ 

184,543 12,410 9,980 . 

634,246 . 3,570,ooo . 
----__-- _-- _--- ---_----_-_- _~ . 

Rhode island 34,421 1,745,ooo 524,369 3,989 1,600 . 
-- _---- _ 

Tennessee . 12,159,ooo 2,588,475 . 4,300,000 644,877 --__ _- - ---_-_- ~- ~ 
Texas . 34,866,OOO 6,337,588 . 29,146,960 57,125,071 
Vermont 8,163 226,000 100,210 7,425 9070 . 

aArthur D LIttIe, “Hazardous Waste GeneratIon In New England,’ prepared for The New England 
Council, Boston, Mass 1982, as reported In Michael R Greenberg and Richard F Anderson, Hazardous 
Waste Sites The Credrblllty Gap (New Brunswick, N J The Center for Policy Research, 1984), p 23 - 

bCongresslonal Budget Office. Hazardous Waste Management Recent Changes and Policy AlternatIves 
(WashIngton, D C May 1985) 

‘Jay M Gould, My of Life in Amencan Nelghborhoods Levels of Affluence, TOXIC Waste, and Cancer 
Mortality in Resldentlal ZIP Code Areas (Boulder, Co10 Westview Press, Inc 1986) 

“New England Congressional Institute, Hazardous Waste Generation and Management in New England 
(Washington, DC February 1986) 

@Office of Technology Assessment, Technologies and Management Strategies for Hazardous Waste 
Control (WashIngton, D C March 1983) 

National mformation characterizing the amount or volume of hazardous 
waste attributable to specific sources 1s similarly disparate, Two studies 
that attempted to delineate the contribution of different sources have 

been cited already, the CBO and Westat studies. In these, however, the 
estimated contributron of various sources varies widely The CBO study, 
for example, reported the contribution of the chemical industry at 48 
percent of the total hazardous waste volume produced The Westat 
study estimated the contribution of the same industry to be 68 percent 
The incremental difference between these two estimates can result in an 
estrmated difference of millions of metric tons of hazardous waste, 
depending on the base being used. In the CBO study, the generation of 
waste attributed to the chemical industry is approximately 127 million 
metric tons, in the Westat study, it is approximately 180 million metric 
tons. Contrasting these estimates with that of the Chemical Manufac- 
turers Association for 1984-247 million metric tons for only a partial 
sector of the total chemical industry-shows a sigmficant vanatlon. We 
found that estimates of the amount of waste contributed by different 
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sources vary so much that any conclusions about the relative contnbu- 
tlon of different sources of hazardous waste should be highly quahfied 

We were also asked to look at what 1s known about future estimates of 
the volume of hazardous waste We found only one study that provided 
future estimates, the 1983 CRO study, whrch furnishes an estimate of 
229 to 280 million metrx tons in 1990 However, some methodologrcal 
uncertamtles must be noted Usmg the CBO model to predict future waste 
volume is subJect to at least two kinds of error, ldentrfled by CBO, 

First, the model may have underestimated waste generation m future 
years because of the use of productron employees as a proxy for output 
by Industry The CBO study used projections of employment growth by 
industry, obtained from the Bureau of Labor Statrstlcs, because they 
were the only consistent set of Industry-specrflc projections available 
But the use of employee statlstlcs might understate the estimate, since 
growth m labor productlvlty over time wrll lead to mcreased output and, 
presumably, more waste per employee 

Second, the model’s projections might have overstated the amount of 
waste by falling to account for turnover m the facrlitles, equipment, or 
both for industries that generate waste hew industrial faclhtles may be 
more efflclent and produce less waste per worker or per unit of output 
Because there 1s no way to know which of these effects might be 
greater, uncertamties are associated with these estimates CBO did not 
discuss other possible kinds of error such as uncertamtles from fore- 
castmg employment growth 
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Treatment, Storage, and Disposal Capacities 

The information on present and future capacity to treat, store, and dls- 
pose of hazardous waste is more limited than the mformation on 
volume. We identified three studies that addressed, to some extent, 
capacity at the national level. Two studies, conducted for EPA by Booz- 
Allen and Hamilton with Putnam, Hayes, and Bartlett (referred to as the 
Booz-Allen study) and by Westat, provide such information for 1981 
The third study, prepared by CEO, provides information for 1983 and 
1990. 

The Booz-Allen study is limited m scope m that it addressed only off-site 
capacity in detail (that is, the capacity of the commercml hazardous 
waste management industry) This study estimated that m 1981, 
approximately 40 mllllon metric tons of waste were managed, 31 million 
metric tons on-site and 9 million metric tons off-site. In exammmg off- 
site capacity for handling the amount of waste generated m that year, 
the study concluded that, at the natlonal level, there would be off-site 
shortfalls m capaclty 

The Westat study 1s more extensive in scope, addressmg both on-site 
and off-site treatment, storage, and disposal capacities. Westat estl- 
mated the volume of waste managed for 1981 to be 265 million metric 
tons; approximately 254 million and 11 million metric tons were man- 
aged on- and off-site, respectively The study’s conclusions were that 23 
percent of total treatment capacity, 64 percent of total storage capacity, 
and 36 percent of total disposal capacity were used in 1981 The preci- 
sion of the volume estimate m the Westat study was not very high (plus 
or mmus 50 percent). The estimate for the amount of hazardous waste 
being managed was similarly imprecise (plus or mmus 49 percent) In 
both, the imprecision was at least partly a consequence of the highly 
skewed population being sampled 

Although the Booz-Allen and Westat studies provided estimates for the 
same year, their estimates for total waste volume managed and the pro- 
portion of waste processed off-site are quite different In addition, their 
methodological approaches were different The Booz-Allen study was 
designed to summarize existmg hazardous waste generation data and to 
undertake a survey of commercml hazardous waste management facile- 
ties. Booz-Allen used data bases from earlier industrial studies Conse- 
quently, all variations and limitations ln defmitions and methodologies 
from these studies were incorporated. In addition, the data did not 
reflect consistent time periods or whole industry sectors. To compensate 
for these discrepancies, statistical adJustments were made Fmally, the 
Rooz-Allen study (which looked only at off-site capacity) estimated that 
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23 percent of waste was processed off-site, while Westat (which 
addressed both off-site and on-site capacity) estimated this figure to be 
4 percent. 

The CBO study discussed earlier also provided some information on 
capacity However, the mformatlon 1s hmlted, because it addressed only 
how the amount of waste being generated 1s managed by the treatment, 
storage, and disposal faclbtles, not whether there ~111 be excess current 
or future capaclty The study assumed that adequate treatment, storage, 
and disposal capacities would be avallable to meet the requirements m 
1983 The cno’s only posltlon on future capacity concerned off-site 
capacity, the study noted that unless new off-site facilities are bulk by 
1990, the demand could easily overwhelm capacity 

In summary, we found very little mformatlon on current and future 
national capacity The one study that comprehensively addressed 
capacity (Westat for w4) appears to have an important methodological 
hmltatlon with regard to the degree of samphng error EPA has recently 
acknowledged a data gap in estimates of waste treatment, storage, and 
disposal capacities As a result, the agency 1s currently conducting a 
census of treatment, storage, and disposal facllltles to obtain natlonal 
data on existing capaclty 
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Estimates of Volume and Capacity Since 1976 

Our third question required us to identify estimates of changes in 
volume and capacity over time and to determine the estimates that were 
cited when key leglslatlve and regulatory actions were taken The 
changes m national estimates of volume since 1973 can be seen m table 
4 The problem with glvmg much attention to changes over time is that 
mchvidual estimates may be accounted for as much by differences in 
scope, definition, and methodology as by true changes, The point estl- 
mates reported range from 9 milhon to 266 million metric tons over 15 
years The pomt estimates for 1981 alone range from 43 to 264 mllhon 
metric tons, a factor of more than 6, For the period 1981 through 1984, 
the estimates appear to be coming closer together, but for the reasons 
we have given earher, this closeness 1s not necessarily an mdlcator of 
accuracy 

To determme the estimates that were cited when key legislative and reg- 
ulatory actions were taken, we focused on heanngs, records, and testl- 
mony related to four events, 

the enactment of the Resource Conservation and Recovery Act m 1976, 
the lmplementatlon of this act’s notiflcatlon requirements m 1980, 
the passage of the Hazardous and Solid Waste Amendments Act m 1984, 
and 
the lmplementatron m 1985 of the certlfmatlon requirements under the 
Resource Conservation and Recovery Act 

We found that EPA did not generate estimates speclflcally for these 
events Rather, data on hazardous waste volume-that IS, estimates that 
were prepared over a 12-year period-were used m association with 
these events. Wtth regard to capacity, we found no estimates what- 
ever-extant or otherwise-m our review of the legislative history. 
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Table 4: Estimates of Hazardous Waste 
Volume in 1973-86 n Millton Metric Year 
Tons Year of estimated Waste 

publication for Study volumea 

1973 1970 EPAb 9 .I___~- -~~--~ -- 
1977 1974 EPAC 29 ____ ~_~~ - ~- .- --~ _-~ -- 
1980 1980 EPAd 54 ~~_ -I~ _~_______~ ~- ~~ -- 
1980 1980 6ooz-AllerF 41 ~~- ~_ _-.~-.--~ ~--___~ 
1980 1981 Booz-AllerF 43 ~--- 
1983 1981 Prellmlnary EPA-Westat’ 150 -- ~~- ~~~_-~ 
1983 1981 OTAg 255-75 

1984 1981 EPA-Westat’ 264 -~~ ---_- 
1985 1983 CBOh 266 

1986 1984 Chemical Manufacturers Assoclatlon’ 247’ 

1986 ~ -~- 1980 Gouldk ___- 91 

aMost studtes reported volume as millon metnc tans For studies reporilng volume in different units, we 
converted to metnc tons 

bU S Environmental ProtectIon Agency, Report to Congress Disposal of Hazardous Wastes (Wash- -_______ 
Ington, 0 C 1974) 

‘EPA as reported In Michael R Greenberg and Alchard F Anderson, Hazardous Waste Sites The Credo- 
bility Gap (New Erunswlck, N J Center for Polrcy Research, 1984) pp 5-9 -- 

dU S Envrronmental Protectton Agency, Hazardous Waste Management System ldentlflcatlon and 
Llstlng of Hazardous Wastes.” 45 Fed Reg 33084 (May 19, 1980) 

%ooz, Allen and Hamilton, Inc and Putnam Hayes, and Bartlett. lnc Hazardous Waste Generation 
and Commercial Hazardous Waste Management Capacity An Assessment (Bethesda, Md November 
1980) 

‘U S EnvIronmental Protection Agency National Survey of Hazardous Waste Generators and Treatment, 
Storage and Disposal Facllltles Regulated Under RCRA In 1981 (Washington D C Apnl 1984) 

GOfflce of Technology Assessment, Technologies and Management Strategies for Hazardous Waste 
March 1983) Control (Washington, D C 

hCongressional Budget Office, Hazardous Waste Management Recent Changes and Policy Alternatives 
(WashIngton DC May 1985) 

‘Chemtcal Manufacturers Assoclatlon and Englneenng-Science, lnc Results of the 1984 CMA Haz 
ardous Waste Survey (Austin, Texas January 1986) 

‘Thus amount IS for a subset of the chemrcal Industry 

“Jay M Gould, Quality of Life In Amencan Neighborhoods Levels of Affluence, TOXIC Waste, and Cancer 
Mortality In Residential Ztp Code Areas (Boulder Colo Westview Press, lnc , 1986) 
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Estimates of Volume and Capacity Smce 1976 

EPA estimated m a 1973 report to the Congress that 9 mllhon metric tons 
of nonradloactlve hazardous waste were generated by mdustrlal sources 
nationally in 1970 EPA cited and used this estimate m hearings related 
to the enactment of KCM in 1976 and later m approprratlons hearings 
Durmg the June 29, 1976, hearings on the enablmg legislation, EPA pro- 
vided a range of volume estimates of 27 5 mllllon to 41 25 m&on metric 
tons. During the 1980 lmplementatlon of the notlfrcatlon requu-ements, 
EPA did not develop or cite specific estimates of volume or capacity and 
did not report estrmates using data generated by the notlflcatron pro- 
cess. During congressional hearings prior to the enactment of the 1984 
Hazardous and Sohd Waste Amendments, rn~ cited an EPA estimate of 
150 mlllion metrrc tons, which was a volume estimate made for 1981 
For the appropriations hearings after the 1984 amendments, EPA did not 
provide an estimate of hazardous waste volume or capacity Finally, EPA 

did not report est,rmates m conJunctlon with the 1985 lmplementatlon of 
the certlflcatlon proc’ess 

The fact that no estimates of capacity were developed with regard to 
these maJor events is symptomatic of the problem presented earlier 
there 1s a gap in the data on the national capacity to treat, store, and 
dispose of hazardous waste 
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Uncertainties, Data Gaps, md Methodological 
Problems 

Our work uncovered a number of serious problems m and across the 
information available about hazardous waste We ldentlfled some of the 
maJor methodological problems that will have to be addressed If 
stronger mformatlon IS to be developed In our review of the existing 
studies of the volume of hazardous waste and the national capacity for 
managing it, several important categories of problem stand out 

1 variation m the scope of estimates; 

2 varlatlon m the defnutron of hazardous waste, 

3 varlatlon m measures for estnnatmg the amount of waste generated 
or the capacity for storage, treatment, or disposal, and 

4 sampling and response error 

Variation in the Scope Some of the studies we reviewed focused on a particular waste stream 

of Estimates 
or contaminant (for example, solvent wastes) or a specific management 
approach (for example, mcmeratlon or land hlls) or a particular indus- 
trial or source sector I for example, the petrochemical industry) or some 
geographic umt (for example, Eew England) Given the many possible 
varlatlons along these dlmenslons, It 1s virtually lmpossrble to use a col- 
lection of such studies to derive accurate national estimates by aggre- 
gating across the studies There are too many mrssmg classes of 
mformatlon, on the one hand, and too much double-countmg, on the 
other 

We Illustrate this point wrth two studies One focused on hazardous- 
waste solvents affected by land-disposal restrrctlons as well as solvent 
waste generated by small generators of waste now covered by the 1984 
amendments The scope of this study did not mclude solvent wastes dls- 
posed of in salt dome formatlons, salt bed formations, and underground 
mines and caves The other study focused exclusively on waste pro- 
duced by 48 small-quantity generators 

A number of questrons would have to be answered before the data con- 
tamed m these two studres could be synthesized For example, do the 
data on the 48 small-quantity generators Include or exclude solvent 
wastes? Did both studies address only the small-quantity generators 
covered by the 1984 amendments“ Often because of limitations m how 
studies’ universes are described, it 1s very dlfflcult, If not impossible, to 
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answer the basic questions necessary for combmxng information across 
studies 

When the purpose of makmg volume and capacity estimates is for local 
or regional planning, or when the plannmg 1s limited along some other 
dimension such as the type of waste, the restricted scope of the avall- 
able studies may not be a limiting factor But when national estimates 
are needed for pohcymakmg, we believe they cannot be obtained by 
combmmg multiple studies limited m scope. 

Variation in the 
Definition of 
Hazardous Waste 

In our review, we found that many different defirntlons of hazardous 
waste were used across studies and, m some, defmltlons varied within a 
study We believe that these differences account for some of the uncer- 
tamty m the estimates of volume and capacity 

We have not yet formed a Judgment about the net effect on estimates of 
the variation m definitions, but our work confirms the conclusion the 
Office of Technology Assessment reached m 1983. inadequate data, 
mcludmg the problem of differing defmitlons, conceal the scope and 
intensity of the national hazardous waste problem and hinder the effec- 
tive implementation of government programs 

Variation in Measures The volume of hazardous waste and the capacity for dealmg with it are 

for Estimating Volume 
described m various ways within and across studies, ranging from 
common measures such as tons, gallons, or cubic yards to more ill- 

and Capacity defined indicators such as ponds or sites. Even when estimates are given 
m terms of standard measures such as gallons, there may be ambiguity 
because the concentration or form of hazardous material (for example, 
hquld or solid) may vary or not be known For example, 100 gallons of 
liquid may be contaminated m a concentration of 1,000 parts per million 
or 10 parts per mllhon This difference may be important in terms of 
whether an appropriate technology 1s available to adequately manage 
the waste in the concentration m which it exists Currently available 
estimates of the amount of hazardous waste frequently do not account 
for varlatlons in concentration and form 

Sampling and Response Although estimates of volume and capacity can be made m different 

Errors 
ways, an empirically based estimate ultimately depends upon acquiring 
information with appropriately designed methods. Our review of studies 
identified two kinds of problem. sampling errors and response errors, 
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Neither is irremediable or intractable. Both can be greatly reduced, If 
not eliminated, through careful planning and skilled mstrumentation 

There are thousands of waste generators and also thousands of faclhtles 
for treating, stormg, and dlsposmg of waste As a practical and economic 
matter, it 1s difficult to acquire detailed mformatlon about all these gen- 
erators and facllltles Thus, how samples are chosen 1s Important m 
determining the accuracy and precision of the national estimates of 
volume and capacity proJected from those samples 

For example, a large degree of statlstlcal uncertainty accompanied the 
1981 Westat estimates of the volume of hazardous waste, There was a 
direct link between the sample chosen and the uncertainty of the 
estimates 

Response errors are the errors that people make m responding to ques- 
tions about volume and capacity. Some of these errors are derived from 
the problems of defmltlon and measurement amblgulty referred to ear- 
her That is, people who provide mformatlon may not correctly under- 
stand the request for data or may be unable to provide the mformatlon 
m the form that 1s asked for Given the large number of substances that 
constitute hazardous waste, the many generators and faclhtles mvolved, 
and the relatively recent attention given to measuring volume and 
capacity, we believe that response errors may lead to substantial maccu- 
racy and lmpreclslon In estimates of volume and capacity Reduction m 
response errors will require more precise and uniform defuutlons of 
terms and greater attention to data-collection techniques that minimize 
errors 
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Conelusions 
----- 

- 
Will the national treatment, storage, and disposal capacltles for haz- 
ardous waste be quantltatlvely sufficient to meet future hazardous 
waste management requirements? The published mformatlon does not 
allow us to determine whether treatment, storage, and disposal capacl- 
ties will be quantitatively adequate to meet the hazardous waste volume 
that wrll be produced In addltlon, several uncertamtles-for example, 
the amount of hazardous waste that will be produced specrfrcally from 
Superfund sites, the effect of the proposed ban on the land disposal of 
some hazardous wastes, and the requirements of the Hazardous and 
Solid Waste Amendments of 1984 for certification for compliance w&h 
groundwater momtormg and financial responslblhty-complicate this 
question still further 

We have concluded that the Congress does not currently have the mfor- 
matron base that it needs to plan appropriately for the management of 
hazardous waste, either now or m the future But before the develop- 
ment of such an informatron base can be ensured, we believe that cer- 
tam methodological issues have to be addressed, including the ways m 
which hazardous waste IS defined, estimates are scoped, and studies are 
designed For example. design strengths would include using a variety of 
approaches m which the weaknesses of some are offset by the strengths 
of others and using data-collection methods that tend to mimmlze error 
We are planning to conduct evaluatrons in these areas 

It IS true that some regional and state studies of volume exrst for certain 
geographic areas and source categories However, we believe that these 
data cannot be synthesized to provide national estimates because of the 
many differences from study to study Consequently, we cannot estr- 
mate the amount, location, and source of hazardous waste being pro- 
duced, either nationally or at the state level, with confidence Therefore, 
the questions WC were asked cannot be answered because of either slg- 
mflcant data gaps or methodological problems or both 
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Appendix I 

Request Letter 

NINETY NINTH CONGRESS 

ENVIRONMENT. ENERGY, AND NATURAL RESOURCES 
SUBCOMMlTrEE 

OF THE 
COMMITTEE ON GOVERNMENT OPERATIONS 

RAYBURN HOUSE OFFICE BUILDIWG ROOM S-Ill-Be 

WASHINGTON, DC 206 15 

February 25, 1986 

! Honorable Charles Bowsher 
Comptroller General 
U.S. General Accounting OffLce 
441 G Street, N.W. 
WashIngton, B.C. 20548 

Dear Mr. Bowsher: 

The Subcommittee on Environment, Energy and Natural Resources 
of the Committee on Government Operations has a long-term interest 
rn hazardous waste management and disposal. One of the issues 

which concerns us 1s whether the natlon has adequate treatment 
and drsposal capacity to deal with the rncreasrng volume of 
hazardous waste being produced. The issue IS complicated because 
of uncertarnty about the soundness of the methodologres used to 
estrmate both volume of waste and treatment and disposal capacity. 

Based upon recent drscusslons with staff of the Program 
Evaluatron and Methodology Divisron, I am requesting that GAO 
synthesize rnfonnatron which exists concerning the volume of 
waste expected In the future and the ablllty of the nation's 
current and planned treatment and disposal capacity to manage the 
expected waste. The synthesis should identify mayor methodological 
problems which may lead to mlsestlmates of either volume or 
capacity. The speclflc questLons whrch we would like to see 
answered are: 

1. What is the amount, locatron and type of known and 
expected future hazardous waste? 

2. What capacity currently exists and is proJected for the 
future to manage and dispose of hazardous waste? 

3. How have estimates of hazardous waste volume and management 
capacity changed since origIna enactment of the Resource 
Conservation and Recovery Act (October, 197611 

4. What uncertainties and data gaps obscure the answers to 
the foregoing questions and what methodological problems 
need to be addressed In order to provrde better answers? 
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Honorable Charles Bowsher 
February 25, 1986 
Page Two 

The Subcommlttee may request additional follow-up work based 
upon the findings of this synthesis. 

I would very much appreciate receiving a briefing report on 
the synthesis work by the end of June, 1986. In the meantime, 
please have the GAO staff assigned to this study confer with the 
Subcommittee staff regarding the scope and other details of the 
study and provide periodic briefings on its progress. The staff 
contact person is Don Gray, the Staff Director, who can be reached 
at 225-6427. I appreciate your attention to this request. 

Sincerely, 

MS/N 

MIKE SYNAR 
Chairman 
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